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Articles
Prevention of suicide with regulations aimed at restricting 
access to highly hazardous pesticides: a systematic review of 
the international evidence
David Gunnell*, Duleeka Knipe*, Shu-Sen Chang, Melissa Pearson, Flemming Konradsen, Won Jin Lee, Michael Eddleston
Summary
Background Pesticide self-poisoning accounts for 14–20% of suicides worldwide. Regulation aimed at restricting 
access to pesticides or banning highly hazardous pesticides is one approach to reducing these deaths. We systematically 
reviewed the evidence of the effectiveness of pesticide regulation in reducing the incidence of pesticide suicides and 
overall suicides.
Methods We did a systematic review of the international evidence. We searched MEDLINE, PsycINFO, and Embase 
for studies published between Jan 1, 1960, and Dec 31, 2016, which investigated the effect of national or regional bans, 
and sales or import restrictions, on the availability of one or more pesticides and the incidence of suicide in different 
countries. We excluded other interventions aimed at limiting community access to pesticides. We extracted data from 
studies presenting pesticide suicide data and overall suicide data from before and after national sales restrictions. 
Two reviewers independently assessed papers for inclusion, extracted data, and assessed risk of bias. We undertook a 
narrative synthesis of the data in each report, and where data were available for the years before and after a ban, we 
pooled data for the 3 years before and the 3 years after to obtain a crude estimate of the effect of the ban. This study is 
registered through PROSPERO, number CRD42017053329.
Findings We identified 27 studies undertaken in 16 countries—five low-income or middle-income countries 
(Bangladesh, Colombia, India, Jordan and Sri Lanka), and 11 high-income countries (Denmark, Finland, Germany, 
Greece, Hungary, Ireland, Japan, South Korea, Taiwan, UK, and USA). Assessments largely focused on national bans 
of specific pesticides (12 studies of bans in six countries—Jordan, Sri Lanka, Bangladesh, Greece [Crete], South Korea, 
and Taiwan) or sales restrictions (eight studies of restrictions in five countries— India, Denmark, Ireland, the UK and 
the USA). Only five studies used optimum analytical methods. National bans on commonly ingested pesticides in 
five of the six countries studied, including four studies using optimum analytical methods, were followed by 
reductions in pesticide suicides and, in three of these countries, falls in overall suicide mortality. Greece was the only 
country studied that did not show a decrease in pesticide suicide following a ban. There were no high-quality studies 
of restricting sales to people for occupational uses; four of the seven studies (in three of the five countries studied—
India, Denmark, and the USA) showed sales restrictions were followed by decreases in pesticide suicides; one of the 
two studies investigating trends in overall suicide mortality reported a fall in deaths in Denmark, but there were also 
decreases in suicide deaths from other methods.
Interpretation National bans on highly hazardous pesticides, which are commonly ingested in acts of self-poisoning, 
seem to be effective in reducing pesticide-specific and overall suicide rates. Evidence is less consistent for sales 
restrictions. A worldwide ban on the use of highly hazardous pesticides is likely to prevent tens of thousands of 
deaths every year.
Funding None. 
Copyright © The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.
Introduction
Pesticide self-poisoning accounts for 110 000 to 
168 000 deaths globally every year, and up to 20% of global 
suicides.1 Many of these deaths occur among people living 
in rural areas of low-income and middle-income countries 
(LMIC) who ingest pesticides impulsively in a moment of 
crisis.2–4 There is strong evidence that restricting access to 
frequently used, high-lethality methods is an effective 
suicide-prevention strategy.5,6 Several factors contribute to 
the success of methods restriction. First, if a means of 
suicide is not immediately accessible at the moment of 
suicidal crisis, suicidal feelings might subside before 
alternative means can be accessed. Second, people 
deterred from using one method of suicide might instead 
use a less lethal alternative, thereby increasing the chances 
of survival. Less than 10% of people who survive a suicide 
attempt go on to take their lives at a later date.7 Third, if a 
method is less frequently used, it might be less likely to be 
reported in the media, thereby reducing the cognitive 
availability of the method.8
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Agricultural pesticides—defined in this review as 
insecticides, herbicides, fungicides, and rodenticides—
are readily available in rural areas of LMIC because a high 
proportion of their population are engaged in farming. 
Pesticides are used as a means of increasing crop yield 
and are heavily marketed by agricultural companies. By 
contrast, in high-income countries (HIC), a much smaller 
proportion of the population is involved in agriculture, so 
agricultural-strength pesticides are less accessible.
Unlike the substances commonly ingested in suicide 
attempts in HIC such as analgesics, tranquilisers, and 
antidepressants,2 pesticides are highly toxic even when 
ingested in small amounts (eg, one mouthful or 20 mL of 
20% paraquat). The case fatality of poisoning by paraquat 
(a herbicide) and aluminium phosphide (a fumigant) is 
often in excess of 60%,9,10 similar to that for other high-
lethality suicide methods such as firearms and hanging.11
In recent years, considerable attention has been given 
to the method-restriction strategy of providing farmers or 
villages with lockable boxes or stores for the safekeeping 
of pesticides.12 This approach seems to be favoured by the 
pesticide industry, which has sponsored work in this area 
by the International Association of Suicide Prevention 
and WHO, as well as funding pilot studies.12,13 Adoption 
of this approach implies that farmers need to take the 
responsibility for inadequate storage of their pesticides, 
rather than the manufacturer or regulatory authorities 
needing to increase their safety.14 To date, there is no 
robust evidence indicating effectiveness of this approach 
in reducing pesticide poisonings or suicides. 
Furthermore, a large-cluster randomised trial by 
Melissa Pearson and colleagues15 published in The Lancet 
involving 223 000 people in the North-Central Province 
of Sri Lanka did not show any effectiveness of improved 
household pesticide storage.
Prevention strategies involving sales restrictions or 
outright bans on specific pesticides have not received 
widespread attention. Such restrictions have, however, 
been favoured by the suicide-prevention community for 
medicines commonly ingested in fatal overdoses such as 
paracetamol and co-proxamol.16,17 Suggested strategies for 
restricting pesticides include the adoption of a minimum-
pesticides list of low-toxicity products18 and outright bans 
of more toxic products such as the European Union’s (EU) 
2007 ban of paraquat.19 To inform national and international 
policy formulation concerning pesticide regulations, we 
have systematically reviewed the literature on targeted 
pesticide sales restrictions. We aimed to address two linked 
questions: first, do pesticide bans, sales restrictions, or 
regulations lead to fewer suicides by pesticide ingestion? 
And second, do reductions in suicides from pesticide 
poisoning following sale bans or restrictions lead to 
reductions in the overall incidence of suicide?
Methods
Search strategy and selection criteria
We did a systematic review of international evidence. We 
searched MEDLINE, PsycINFO, and Embase databases for 
Research in context
Evidence before this study
Self-poisoning with pesticides is one of the leading methods of 
suicide worldwide, accounting for 14–20% of all deaths by 
suicide annually (110 000–168 000 fatalities). Regulation aimed 
at restricting access to highly hazardous pesticides is one 
approach suggested by WHO to reduce these deaths. To identify 
whether any systematic reviews had assessed the evidence 
concerning the effectiveness of pesticide regulations, we 
searched MEDLINE for reports published between January, 1960, 
and December, 2016, using the search terms pesticide? or 
insecticide? or rodenticide? or fungicide? or herbicide? or 
paraquat or organophosphate? Or organophosphorus.af or 
agricultural.af or agrochemical?).af and (suicid??.af or (self and 
harm).af or parasuicide. af or (Self-Injurious and Behavior).af or 
([self?.af or deliberate.af and poison???.af)). We also searched 
our personal collections of relevant papers. We identified papers 
assessing the effect of bans in single countries as well as opinion 
pieces and commentaries, but no systematic reviews. 
Our subsequent (more detailed) searches for empirical data 
confirmed that no previous systematic reviews had been done.
Added value of this study
Ours is the first systematic review of evidence concerning the 
effect of regulatory action to restrict access to pesticides on 
pesticide and all-cause suicide mortality. We identified 
assessments of regulatory activity in 16 countries. National 
bans on commonly ingested pesticides in five of the 
six countries where these were studied were followed by 
reductions in pesticide suicides and, in three of the countries, 
reductions in overall suicide mortality. There were no 
high-quality studies of restricting sales to people for 
occupational uses; four of the seven studies (three of the 
five countries) showed sales restrictions were followed by 
reductions in pesticide suicides; one of the two studies 
investigating trends in overall suicide mortality reported a fall 
in deaths, but there were also decreases in suicide deaths from 
other methods.
Implications of all the available evidence
A worldwide ban on the use of highly hazardous pesticides is 
likely to prevent tens of thousands of deaths every year. 
More research is required concerning the effectiveness of sales 
restrictions and other approaches for restricting access to 
pesticides. The effect of regulations on crop yields and other 
aspects of health requires further study.
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English-language reports and abstracts published between 
Jan 1, 1960, and Dec 31, 2016, documenting the effects of 
pesticide sales or import regulations, or both, on the 
incidence of suicide by pesticide poisoning. We also 
reviewed all papers identified from our two previous 
systematic reviews of studies investigating the country-
specific incidence of pesticide self-poisoning for relevant 
articles.1,20 We searched the reference lists of eligible papers 
and carried out citation searches of key publications using 
Google Scholar to identify additional articles. We identified 
additional relevant papers from our personal collections. 
Papers in English or with English language abstracts were 
eligible to be included. For our searches of the databases, 
we used the following search terms coded in all fields (af): 
(Pesticide? or insecticide? or rodenticide? or fungicide? 
or herbicide? or paraquat or organophosphate? or 
organophosphorus.af or agricultural.af or agrochemical?).
af and (suicid??.af or (self and harm).af or parasuicide. af or 
(Self-Injurious and Behavior).af or ([self?.af or deliberate.
af) and poison???.af ]). We extracted data from studies 
presenting pesticide suicide and overall suicide data before 
and after national sales restrictions. Where no data were 
presented on trends in overall suicides, we used the 
databases to identify publications giving suicide trend data. 
Where data were only presented graphically, we estimated 
incidence from the graphs.
The interventions we investigated were national or 
small-area bans, and sales or import restrictions on the 
availability of one or more specific pesticides. We 
included required or regulated changes in the 
concentration of particular products (eg, the requirement 
in Japan to market 5% paraquat from 1986 onwards),21 
and regulations such as those limiting sales to authorised 
users only.22 We excluded other interventions aimed at 
limiting community access to pesticides—eg, lockable 
boxes or village pesticide stores; manufacturer initiatives 
to make the product safer—eg, the inclusion of emetics; 
and training initiatives for pesticide vendors.
We included natural experimental and controlled 
intervention designs (randomised and non-randomised) 
reporting data on overall incidence of suicide and suicides 
by pesticide self-poisoning either before and after the 
introduction of bans or sales restrictions or in intervention 
(pesticide ban/restriction) versus control areas (in this 
context, control areas are geographical districts within the 
same country where the regulations were not applied). 
We excluded reviews (except as a potential source of 
relevant papers). We included studies regardless of 
whether they presented a statistical comparison of trends 
before and after pesticide regulations.
Our focus was on studies of general population 
samples—either whole countries or districts within 
countries. Studies of selected population groups—
eg, hospital admissions and specific sex or age groups 
(eg, young people) were excluded because our intention 
was to identify the effect of regulations on overall national 
or district-level suicide rates. DG and DK screened the 
titles and abstracts and read full-text reports of all 
potentially relevant articles independently and in 
duplicate. They discussed discordant decisions until 
consensus was reached. DG and DK also extracted data 
and assessed risk of bias in duplicate; again, they 
discussed discordances and resolved uncertainties 
regarding eligibility through discussion with co-authors 
and email contacts with study authors. To investigate 
bias, we used a modified version of the risk of bias 
criteria for interrupted time series studies suggested by 
the Cochrane Effective Practice and Organisation of 
Care.23 Rather than excluding studies that ignored secular 
trends in the preintervention period as recommended in 
these guidelines, we included all studies but added this 
as a separate item on the risk of bias scale as follows: 
“Did the study ignore secular (trend) changes and 
perform a simple t-test of the pre-intervention period 
versus the post-intervention period without further 
justification?” The other measures of potential for bias 
were whether the intervention was independent of other 
changes, whether the shape of the intervention was 
prespecified, whether the intervention was likely to affect 
data collection, whether knowledge of the allocated 
interventions was adequately prevented, whether 
incomplete data were adequately assessed, whether the 
study was free from selective reporting, and whether the 
study was free from other risks of bias. We classified 
studies as being at high, low, or unclear risk in these 
domains (appendix p 1).
Data analysis
Because of the range of different interventions, settings, 
and differences in the incidence of suicide by pesticide 
poisoning and the contribution of pesticide self-
poisoning to overall suicide rates in different countries, 
we undertook a narrative synthesis of the data presented 
in each paper. We presented results separately for bans 
versus other regulations, and also separately for LMIC 
and HIC because the proportion of suicide deaths due to 
pesticide poisoning is generally higher in LMIC and 
therefore interventions in such countries might be more 
likely to have an effect on overall suicide rates.
Where several papers assessed the effect of the same 
set of regulations in one country, we focused on the 
paper with the most detailed assessment of effect but 
included relevant data from other papers investigating 
the same issue in that country. Where data about suicide 
rates or suicide numbers are presented for the years 
before and after a ban, we pooled data for the 3 years 
before the regulation and the 3 years after to obtain a 
crude estimate of the ban effect, but noted where there 
was evidence that decreases in rates were simply part of a 
pre-existing downward trend.
Where the month and year of the regulation was 
recorded, we assumed when summarising data that for 
regulations introduced before July of any year, the year of 
the intervention was a post-regulation year because the 
See Online for appendix 
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regulation was in place for at least half the year. Where 
the regulation came into effect from July onwards of any 
year, we included that year as a pre-regulation year. 
Where no month was recorded we excluded the year of 
the intervention from our assessment of pre-regulation 
and post-regulation suicides. In two papers, data about 
pesticide suicides and overall suicide rates by year for at 
least 3 years before and after any regulation were 
presented.24,25 We used negative binomial regression to 
quantify changes in the number of pesticide suicides and 
overall suicides reported in these papers—this method 
takes account of pre-intervention trends in incidence. We 
used Stata v.14 for all analyses. This review is reported 
according to the PRISMA guidelines for systematic 
reviews and is registered through PROSPERO (protocol 
number CRD42017053329).
Role of the funding source
There was no funding source for this study. The 
corresponding author had full access to all the data in the 
study and had final responsibility for the decision to 
submit for publication.
Results
We identified 27 relevant studies21,22,24–48 describing the 
effect of pesticide regulations in five LMIC (Bangladesh, 
Colombia, India, Jordan and Sri Lanka) and 11 HIC 
(Denmark, Finland, Germany, Greece, Hungary, Ireland, 
Japan, South Korea, Taiwan, UK, and USA; table 1, figure). 
The two studies from Hungary presented similar data.29,43
Quality ratings for each study are in table 1. Only 
eight studies33,34,37,38,40,44–46 did a formal analysis of the effect 
of pesticide regulations; of these, only five34,40,44–46 used 
Secular trends 
accounted for 
in analysis?*
Intervention 
independent 
of other 
changes?
Shape of the 
intervention 
prespecified?†
Likelihood of 
intervention 
affecting data 
collection?
Was knowledge 
of the allocated 
interventions 
adequately 
prevented?
Incomplete 
data 
adequately 
assessed?
Study free 
from 
selective 
reporting?
Study free 
from other 
risks of 
bias?
Al-Ragheb48 No formal comparison Unclear Low Low Low Low Low Low
Gunnell26 Graphical analysis Low Low Low Low Low Low Unclear
De Silva28 Graphical analysis High Low Low Low Low Low Unclear
Knipe (2014)27 Graphical analysis Low Low Low Low Low Low Unclear
Knipe (2017)40 Low Low Low Low Low Low Low Low
Knipe (2017)46 Low High Low Low Low Low Low Unclear
Chowdhury44 Low Low Low Low Low Low Low Low
Kastanaki24 No formal comparison Unclear Low Low Low Low Low Low
Myung33 High Low Low Low Low Low Low Low
Cha34 Low Low Low Low Low Low Low Low
Chang35 Graphical analysis Unclear Unclear Low Low Low Low Low
Lin42 No formal comparison High Unclear Low Low Low Low Low
Chaparro-Narvaez45 Low Unclear Unclear Low Low Low Low Low
Berecz29,43 No formal comparison Unclear Unclear Low Low Low Low Low
Nandi38 High Unclear Low Low Low Low Low Low
Frost30 Graphical analysis High Unclear Low Low Low Low Low
Casey47 Graphical analysis Unclear Low Low Low Low Low Low
Onyon41 Graphical analysis Unclear Low Low Low Low Low Low
Ohberg25 No formal comparison Unclear Low Low Low Low Low Low
Moebus31 No formal comparison Unclear Unclear Low Low Low Low Low
Fitzgerald22 No formal comparison Unclear Low Low Unclear Unclear Low Low
Ito21 Graphical analysis Unclear Low Low Low Low Low Low
Nagami32 Graphical analysis Unclear Low Low Low Low Low Low
Copeland39 No formal comparison Unclear Unclear Low High Low Low Low
Langley36 Graphical analysis Unclear Low Low Low Low Low Low
Sudakin37 High Unclear Low Low Low High Low Low
*Where graphical approaches were used to assess trends, or graphs provided reassurance that the incidence of suicide was not decreasing before the regulations, we identified 
these as graphical analyses. If there was no formal comparison of the incidence of suicide before and after regulations—eg, the paper presented numbers of suicides per year, 
but no statistical testing was undertaken—we rated this as no formal comparison. †Where a graphical assessment was used and the date of the regulation was specified—
coded as low; where multiple interventions occurred over a short period (<5 years) or the date of the intervention was not specified—coded as unclear. For information on the 
Cochrane Effective Practice and Organisation of Care assessment, see appendix (p 1).
Table 1: Risk of bias assessments for the reviewed studies
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methods that took account of pre-regulation trends in 
suicide rates. Few studies assessed whether observed 
changes in suicide rates could have been affected by 
contemporaneous changes in other risk factors for 
suicide.
The regulations assessed in the identified papers were 
import or sales bans (in Jordan, Sri Lanka, Bangladesh, 
Greece, South Korea, and Taiwan);24,26–28,33–35,40,42,44,46,48 
restriction of sales to, for example, occupations that use 
pesticides such as farmers and forestry workers 
(in Denmark, India, Ireland, UK, and USA);22,30,36–38,41,47 non-
specific restrictions (in Colombia, Finland, Germany, 
Hungary, India, and USA);25,29,31,38,39,43,45 a ban on the sale of 
small containers (in Denmark);30 and reductions in the 
concentration of pesticide in liquid formulations (in 
Taiwan and Japan).21,32,35 In Sri Lanka, a reduction in the 
concentration of paraquat was introduced in the same 
year as the phased import bans (in 2008).40 Some of the 
regulations appeared to include several elements.37,38  We 
identified a number of other studies examining aspects of 
pesticide regulation that were outside our review criteria 
(eg, assessments based on in-hospital deaths,49,50 or poison 
centre referrals or notifications,19,51 or natural experiments 
where access to pesticides was restricted). 52–54 
National bans on commonly ingested pesticides were 
assessed in six countries (one study focused on the Greek 
island of Crete; table 2). Data for Sri Lanka relate to 
two series of bans: the first in the 1990s, the second during 
2008–10. Four of these studies used appropriate analytical 
methods.34,40,44,46 In all areas where bans had been assessed, 
pesticide self-poisoning accounted for a high proportion 
of total suicides (>15%).
In all countries except Greece, the bans were followed 
by reductions in pesticide suicides. In Bangladesh, 
Sri Lanka, and South Korea, where the timing of the bans 
on specific pesticides was reported and where 
investigators assessed the effect of regulations on overall 
suicides, there were simultaneous declines in overall 
suicide rates. The cumulative effect of Sri Lanka’s 
pesticide regulations was estimated to have prevented 
93 000 suicide deaths in 20 years up to 2015.46 In 
Bangladesh, overall injury rates including suicides 
decreased by 24% (separate data for suicides were not 
reported).44 In the 3 years after a ban on paraquat in 
South Korea, the decline in pesticide suicides following 
the ban contributed to more than half of the decrease in 
overall suicides that occurred after the ban.34
In Taiwan, overall suicide rates decreased at the same 
time as the country had its greatest fall in deaths from 
pesticide self-poisoning between 1987 and 1992;35 formal 
analysis of the effect of the bans was not undertaken and 
would be challenging because of the multiplicity of bans 
and the fact that the product accounting for most self-
inflicted deaths (paraquat) was not banned, making a 
step-change in incidence unlikely. In Crete, the 
withdrawal of parathion and monocrotophos in 2003 had 
little effect on the number of pesticide or overall suicides; 
however, the banned products accounted for only 14% of 
all pesticide suicides over the study period.24
Other regulations aimed at reducing the availability of 
pesticides have been studied in ten countries or districts 
(table 3). In these countries, pesticides accounted for 
between less than 1% (in the USA) and 20–30% (in 
India) of all suicides. Sales restrictions were adopted in 
India, Denmark, Ireland, the UK, and the USA, 
although additional interventions were also instituted in 
Denmark (restrictions on bottle sizes),30 India (restricted 
storage),38 and the USA (phase-out of organophosphates 
from domestic environments during 2000–05).37 A 
requirement to dilute paraquat, followed by a ban of the 
actual product in 1999, was the approach used in 
Japan.21,32 The precise scope of the regulations was 
unclear in Hungary, Colombia, Finland, Germany, 
India, and the USA. The only study that used appropriate 
analytical methods was of Colombian pesticide suicide 
trends, although the timing of the pesticide regulations 
was unclear.45
In all countries, except Ireland and the UK (England, 
Wales, and Scotland),22,41,47 product-specific or overall 
pesticide mortality were reduced following regulatory 
actions. Four of the seven studies (in three of the 
five countries) where sales restrictions were studied 
showed that restrictions were followed by falls in 
pesticide suicides. Such reductions occurred in Denmark, 
India, and the USA, but none of these studies used 
appropriate analytical methods taking account of pre-ban 
trends in suicide.30,36–38 The regulations in India targeted 
Figure: Study selection
6697 potentially eligible records identified 
 6680 identified through database search
 17 identified through other sources
5050 identified for screening
1647 duplicates removed
219 full-text articles assessed for eligibility
4831 records excluded after abstract
 screening
 
27 studies included in qualitative and quantitative synthesis 
192 full-text articles excluded
 9 duplicates
 148 no ban
 26 no data
 9 other
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Proportion of 
suicides due to 
pesticide ingestion
Type of regulation Effect on pesticide suicides* Effect on overall suicides*
Low-income and middle-income countries
Jordan48 >20% from 1980–8555 Ban on parathion and other toxic pesticide imports 
from January 1981
Decrease—48% fewer pesticide deaths from 
1981–83 vs 1978–80. Before 1981, the number of 
deaths due to pesticides was increasing.
Not investigated
Sri Lanka26–28,46 Estimates vary 
depending on 
assumptions about 
coding of pesticide 
deaths: >60% in 
1980s to 16–48% by 
2008–12.
Series of bans of most toxic pesticides between 1984 
and 2011. 
1984: parathion banned 
1984–95: gradual phase out of class I 
organophosphates, culminating in a ban on 
monocrotophos and methamidophos in 1995 
1998: endosulfan banned 
2008–11: phased bans of dimethoate, fenthion, 
and paraquat (see below)
No change—previously rising rates of suicide by 
poisoning and other methods levelled off between 
1984 and 1995 
Decrease—around 50% fewer poisoning suicides 
by 2003 compared to rates in 1995 
Case fatality for pesticide poisoning decreased 
from 11% in 1997 to 5% in 2008
No change between 1984 and 1995, previously 
rising rates of suicide levelled off 
Decrease for 2005 vs 1995—suicide rates 
decreased by around 50% 
An estimated 93 000 suicide deaths have been 
prevented because of the cumulative effect of all 
of Sri Lanka’s pesticide bans
Sri Lanka40 50% in 2007 
(unpublished data)
3-year phased bans of the pesticides dimethoate and 
fenthion in 2008–10. 
In 2008 all paraquat formulations were reduced to 
6·5% followed by a 3-year phased ban of paraquat in 
2009–11
Decrease—the rate ratios between observed and 
expected pesticide suicide rates for 2011, 2012, 
and 2013 were 0·90 (95% CI 0·83–0·97), 0·72 
(0·65–0·80), and 0·59 (0·51–0·68), respectively. 
An estimated 1500 fewer pesticide suicides 
occurred in this period than expected, based on 
pre-ban trends in suicide rates.
Decrease—the rate ratios between observed and 
expected pesticide suicide rates for 2011, 2012, 
and 2013 were 0·97 (95% CI 0·92–1·02), 0·93 
(0·88–0·98) and 0·92 (0·86–0·98), respectively. 
An estimated 700 fewer suicides occurred than 
expected, based on pre-ban suicide rates.
Bangladesh44 Approximately 40% 
of all deaths deemed 
unnatural in 2000
Between 1996 and 2007, 21 pesticides were partly or 
completely banned. In 2000, all WHO Class I (highly 
hazardous) pesticides were banned
Decrease—rate ratios between observed and 
expected pesticide suicide rates for 2000, 2001, 
and 2002 were 1·00 (95% CI 0·98–1·03), 0·88 
(0·85–0·91), and 0·76 (0·72–0·79), respectively. 
An estimated 2800 fewer pesticide suicides 
occurred in this period than expected based on pre-
ban trends in suicide rates.
Decrease in unnatural deaths (most of which 
were suicides). The rate ratios between the 
observed and expected suicide rates for 2000, 
2001, and 2002 were 1·00 (95% CI 0·98–1·02), 
0·87 (0·85–0·90), and 0·76 (0·73–0·79), 
respectively. 
An estimated 7200 fewer unnatural deaths 
(mainly pesticide suicides) occurred in this 
period than expected based on pre-ban trends in 
suicide rates.
High-income countries
Greece 
(Crete)24
24% of suicides in 
Crete in 1999–2007
Parathion and monocrotophos withdrawn in 
late 2003. Paraquat banned in July, 2007 (following a 
European-wide ban), but no post-ban data presented
No change—29 pesticide suicides in 2001–03 
versus 29 in 2004–06. 
No change—based on reanalysis of data presented 
in the paper, the rate ratios between observed and 
expected pesticide suicide rates for 2004, 2005, 
and 2006 were 0·77 (95% CI 0·43–1·36), 0·81 
(0·36–1·84), and 0·75 (0·25–2·23), respectively. 
An estimated eight fewer pesticide suicides than 
expected occurred in 2004–06, based on pre-ban 
trends in suicide rates 
Pesticides accounted for 25% of suicides in 
2001–03 and 23% in 2004–06
Increase—10% rise in overall suicides: 115 in 
2001–03 versus 127 in 2004–06 
No change—based on reanalysis of data 
presented in the paper, the rate ratios between 
the observed and expected overall suicide rates 
for 2004, 2005, and 2006 were 0·68 (95% CI 
0·44–1·06), 1·02 (0·51–2·03), and 0·83 
(0·32–2·12), respectively. 
An estimated 21 fewer suicides than expected 
occurred in 2004–06, based on pre-ban trends in 
suicide rates
South 
Korea33,34
16% in 2011 Paraquat implementation plan (PIP) introduced in 
1999. PIP revised in 2005. Re-registration of paraquat 
cancelled in November, 2011. 
Paraquat sale and use banned in October, 2012
Decrease—49% fall in the incidence of pesticide 
suicide from 5·26 per 100 000 in 2011 to 2·67 per 
100 000 in 2013. 
Decrease in pesticide suicides as a proportion of all 
suicides, from 16·3% in 2011 to 10·0% in 2013. 
Decrease of 37% (rate ratio 0·63, 95% CI 0·55–0·73) 
in pesticide suicide rates compared with expected 
rates in 2013·
Decrease—the fall in pesticide-related suicides 
contributed to 56% of the decline in total 
suicides in South Korea in 2013 versus 2011
Taiwan35,42 42% in 1987 1972: Pesticides regulation Act. 112 pesticide products 
were banned by Taiwan during 1972–2010. Among 
them, 36 products—mostly WHO Class I pesticides—
were banned because of the concern of human toxicity 
(most bans occurred after 1997). Products banned did 
not include paraquat, which accounted for most 
pesticide suicides, and were mainly restricted to selected 
high-strength formulated products; their equivalent 
low-strength products were not banned.
Decrease—pesticide suicide (including accidental 
deaths) rates fell from 7·7 per 100 000 in 1987 
to 2·5 per 100 000 in 2010. Pesticide suicides 
accounted for 42·0% of total suicides in 1987 
and 12·3% in 2010. The greatest reduction in 
pesticide suicide occurred between 1987 and 1992 
before most of the bans on WHO Class I pesticides 
occurred (ie, after 1997).
Overall suicides decreased over the period of the 
greatest reduction in pesticide suicides (from 
1987–1992); there were also decreases in 
hanging and non-pesticide poisoning in this 
period. However, overall suicide rates increased 
between 1992 and 2006.
*Where data are available, we have estimated the reduction in suicides for the 3 years after the regulation (s) compared with the 3 years before, and commented on the direction of trends before the 
regulation (s).
Table 2: Effect of national bans on sale or import of specific pesticides
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Proportion of suicides due to 
pesticide ingestion
Type of regulation Effect on pesticide suicides* Effect on overall suicides*
Low-income countries
Colombia45 10% in 2000 Legislative measures prohibiting the use 
of highly toxic pesticides, but no date 
specified. Colombian Agricultural 
Institute document cited in paper 
indicates endosulfan restrictions were 
introduced in 1999 and 2001
Joinpoint analysis shows pesticide suicides rose 
by 9·3% per year from 1998 to 2002 (p <0·05) 
and fell by 3·3% per year (p <0·05) 
between 2002–11
Not investigated, but other evidence shows 
the overall incidence of suicide in Colombia 
followed a similar pattern to the trends in 
pesticide suicides.56,57
India38 20%–30% in 2000s20 The local government restricted the 
sale, purchase, and storage of Endrin in 
October, 1976
In the two districts studied, there was a reduction 
in Endrin suicides from 64% of all suicides 
(n=38) during January to September, 1976, 
to 48% (n=28) during January to 
September, 1977.
No clear effect—there were 59 suicides during 
January to September, 1976, and 58 in January 
to September, 1977. Increases in suicides by 
hanging and other poisons compensated for 
the decline in Endrin suicides
High-income countries
Denmark30 Around 5% 1950: parathion sales required a request 
signed by vendor and purchaser 
(repealed in 1954). 
1957: bottles of liquid 
organophosphates <1 L were banned. 
1961: sale of class A pesticides restricted 
to people with evidence of professional 
need and the number of retailers 
authorised to sell such products was 
restricted. Additionally, any remaining 
small bottles were collected and 
destroyed.
Decrease—80% reduction in suicides from 
organophosphate insecticides from 105 
between 1959 and 1960 to 31 between 1961 
and 1962. 
(Tables only record data for the two years 
following the regulation). 
Estimation from graphs that the number of 
suicides from organophosphate insecticides as a 
proportion of total suicides decreased from 6% 
during 1958 to 1960 to 1% during 1961 to 1963.
Total suicides decreased; however, the effect 
of the regulation is unclear as suicides by 
other methods decreased too. 
Estimation from graphs indicates that there 
was an 11% reduction from 2860 deaths from 
1958–60 to 2550 from 1961–63.
England, Wales, 
and Scotland41,47
Around 1%. Paraquat accounted 
for 76% of pesticide deaths in 
1989
1972 UK: (England, Wales and Scotland) 
Poisons Act with the 1982 Poisons 
rules: sale of concentrated paraquat 
restricted to agriculture, horticulture, 
or forestry-related occupations.
Increase—from graphs, during 1969–71 in 
England and Wales, there were 0·2 deaths 
per million population from paraquat poisoning; 
this increased to 0·6 per million in 1973–75. 
Equivalent figures for 1979–80 (only 2 years’ 
data available) versus 1983–84 were 0·6 
per million in both periods.  
During 1969–71 in Scotland, there were 
0·5 deaths per million from paraquat poisoning, 
rising to 0·9 per million during 1972–74. 
Equivalent figures for 1979–80 (only 2 years’ 
data available) versus 1983–84 were 1·6 
per million versus 1·4 per million. 
In England, but not Scotland, paraquat (and total 
pesticide) deaths decreased from the late 1970s 
and early 1980s
Other published data indicate that overall 
suicides in England and Wales also rose during 
the 1970s and early 1980s.58
Finland25 Parathion accounted for 9% of 
all suicides during 1957–59
Parathion restrictions in 1960: precise 
nature unclear, although indications are 
that that licensing was involved.
Decrease—based on a reanalysis of data 
presented in the paper, rate ratios between 
observed and expected pesticide suicide rates 
for 1961, 1962, and 1963 were 0·16 (95% CI 
0·03–0·86), 0·10 (0·01–0·74) and 0·06 
(0·01–0·64), respectively. An estimated 
1181 fewer pesticide suicides occurred in this 
period than expected, based on pre-ban trends in 
suicide rates– but this is likely to be an 
overestimate as rates were rising steeply in the 
pre-ban period 
The proportion of total suicides due to Parathion 
declined from 9% (during 1957–59) to 4% 
(during 1961–63)
No clear effect—based on a reanalysis of data 
presented in the paper, the rate ratios 
between observed and expected pesticide 
suicide rates for 1961, 1962, and 1963 were 
0·81 (95% CI 0·70–0·94), 0·93 (0·77–1·11), 
and 0·72 (0·59–0·88), respectively.
The overall number of suicides in Finland rose 
by 1% in 1961–63 compared with the number 
of suicides in 1957–59
Germany31 Approximately 3% during 
1981–83
No clear date, although chlorinated 
hydrocarbons seem to have been 
restricted around 1984 (but no specific 
date or intervention given) 
The number of registered pesticide 
products decreased from 1130 
in 2000 to 729 in 2012, but the number 
of active ingredients was unchanged
Decrease—suicides by pesticides decreased 
annually between 1980 and 2000· 
There was a small step change in the number (%) 
of suicides due to pesticides in 1984–86: 
1568 (2·8%) during 1981–83 compared with 
1180 (2·3%) in 1984–86—a 25% fall—following 
the apparent restrictions on chlorinated 
hydrocarbons
There was a steady fall in suicides throughout 
the study. Total suicides fell by 8% 
from 55 953 during 1981–83 to 51 517 during 
1984–86
(Table 3 continues on next page)
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the organochlorine insecticide endrin, but it was still 
used frequently for suicide after the regulations, 
indicating that the intervention might not have been 
implemented effectively.
Despite the sales restrictions on paraquat in Ireland 
and the UK, the number of paraquat and total pesticide 
deaths increased.22,41,47 These rises occurred at the same 
time as increases in overall national suicide rates in these 
countries58 (overall suicide rates in Ireland doubled 
between 1970 and 1980 and again between 1980 
and 2000);59 there are insufficient data to determine 
whether pesticide poisoning fell as a proportion of total 
suicides. Two of seven studies of sales restriction 
assessed trends in overall suicide. In Denmark, overall 
suicide rates decreased around the time of the falls in 
pesticide suicide deaths, but the specific effect of the 
regulations was unclear because suicide deaths from 
other methods decreased at the same time.30 No change 
occurred in overall suicide rates in the Indian study, 
although only a 9-month period was assessed.38 Although 
the precise nature of the regulations in Colombia is 
unclear,45 regulatory documents cited in the paper 
indicate that restrictions on endosulfan were introduced 
in 1999 and 2001; the incidence of suicide by pesticide 
poisoning increased from 1998 to reach a peak in 2002, 
then declined—following the same pattern as for overall 
suicide rates.56,57 There was no evidence that the 
proportion of suicides due to pesticide poisoning in 
Colombia decreased over this period.
In Finland regulations targeting parathion were 
followed by a halving in its use for suicide; however, the 
overall incidence of suicide increased.25 In Germany, 
decreases in pesticide suicides paralleled annual declines 
in overall suicides31 with no clear effect of regulations. In 
Proportion of suicides due to 
pesticide ingestion
Type of regulation Effect on pesticide suicides* Effect on overall suicides
(Continued from previous page)
Hungary29,43 7·5% in 1990 The paper states that most toxic 
pesticides and chemicals were removed 
from every day use, but no date is given.
Decrease—pesticide suicides fell from 312 
in 1990 to 75 in 2001 (a 76% reduction). 
Pesticide suicides fell from 7·5% of total suicides 
(in 1990) to 2·5% (in 2001).
Total suicides decreased by 28% 
between 1990 and 2001.
Ireland22,41 Around 3% from paraquat 
during 1975–77
1968: sale of paraquat restricted to 
licensed dealers. 
1970: manufacturers reduced the 
number of retail outlets from 510 to 80 
and wrote to farmers about dangers of 
decanting. 
1975: sales restricted to agricultural, 
horticulture or forestry-related 
occupations. Additional safety labelling.
None of these restrictions apply to 
granular paraquat products.
Increase—paraquat suicides increased year-on-
year up to 1977, then subsequently fell (data up 
to 1984). 
During 1973–74 there were ten paraquat suicides 
and in 1975–76 there were around 23—a 
130% rise.
Other published data indicate that overall 
suicide rates in Ireland doubled between 1970 
and 1980 and between 1980 and 200059
Japan21,32 10% in 1986 Products comprising 24% concentration 
of paraquat were suspended in 1986 and 
replaced with 5% products. Paraquat 
production ended in Japan in 1999.
Decrease of 6% in pesticide deaths from 5804 
during 1983–85 to 5445 during 1987–89.† 
The proportion of total suicides due to pesticides 
declined from 10·3% of total suicides in 1986 to 
2·1% in 2005. The fall was particularly marked 
(approximately 50%) between 1986 and 1989.
Although total suicides decreased during 
1987–89 compared with the 3-year period 
from 1983–85 in Japan, the effect of 
regulation is unclear as the fall in suicides was 
greater than the reduction in pesticide deaths, 
and the timing of the marked fall in 1987 to 
1989 corresponded with changes in economic 
conditions and a reduction in the incidence of 
suicide using other methods60
USA39 <1% Laws to restrict the use of 
organophosphates introduced in the 
late 1960s and 1970s, but precise dates 
not given.
Decrease—81% reduction in pesticide suicide 
deaths, from 16 during 1961–65 to three during 
1981-85.
Not investigated. Other published data61 
indicate that the overall incidence of suicide in 
the USA rose between the early 1960s and 
early 1980s·
USA36,37 
and personal 
communication 
(Langley R)
<1% In 1972, certification was required for 
people wishing to purchase and use the 
most toxic pesticides. In 1994, the 
second round of certification training 
was completed. 
In 2000–05, the phase out began of 
organophosphates from residential 
environments.
Decrease in pesticide suicide deaths, from 
128 between 1991 and 1994, to 87 between 
1995 and 98. 
Graphical assessment (of all pesticide deaths, 
including accidents) indicates that there was a 
gradual fall between 1979 and 1998, with the 
steepest falls occurring between 1980 and 1983 
and between 1992 and 1994. 
Organophosphate deaths (both suicides and 
accidents) decreased from 37 during 1995 to 
1999 to 31 during 2000 to 2004.
Not investigated. Other published data61 
indicate that the overall incidence of suicide in 
the USA was stable in the 1980s, with gradual 
falls from the late 1980s and throughout the 
1990s.
*Where data are available, we have estimated the reduction in suicides for 3 years after the regulation compared with 3 years before, and commented on the direction of trends before the regulation. 
†Suicide, accident, homicide, and unspecified deaths combined.
Table 3: Effect of other or unspecified national pesticide regulations
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Hungary, the proportion of suicides due to pesticides 
decreased by more than 70% between 1990 and 2001; 
this was greater than the 28% decrease in overall 
suicides, but the precise timing (and nature) of the 
regulations was unclear.29 In Japan, pesticide poisoning 
deaths were lower in the 3 years after regulations 
requiring decreased concentrations of paraquat in 
products were introduced in 1986, compared with the 
3 years preceding the regulations;21 the precise month of 
the regulation was not specified.
Three studies examined the effect of pesticide 
regulation in the USA;36,37,39 two of these included 
elements of sales restriction.36,37 A small-scale county-
level analysis of the effect of organophosphate insecticide 
regulations in Dade County (FL) reported a fall in 
pesticide suicides after the regulations, a period when 
overall suicide rates were rising in the USA.39 Langley 
and colleagues36 reported on trends in pesticide suicide 
mortality over a period when regulations were introduced 
and showed a decline without evidence of a specific step-
change in incidence. Sudakin37 showed that the staged 
phase-out of organophosphate insecticides in residential 
environments between 2000 and 2005 was associated 
with a reduction in organophosphate-incident reports 
(including intentional exposures) and a reduction in the 
incidence of suicide; these effects might have been 
underestimated, however, because population coverage 
of the system used to identify incidents increased from 
83% to 96% over the study period. None of the three US 
studies reported on overall suicide mortality trends.
Discussion
27 studies in 16 countries have investigated the effect of 
pesticide regulations on method-specific suicides and 
overall suicide mortality. Most studies adopted potentially 
biased assessments of their effectiveness or made no 
formal assessment. The exceptions were studies from 
South Korea,34 Sri Lanka,40,46 and Bangladesh.44 The 
findings suggest that the number of pesticide-specific 
and overall suicides can be reduced by national bans of 
highly hazardous pesticides.
Regulatory action to ban highly hazardous pesticides, 
particularly organophosphate insecticides and paraquat, 
was followed by falls in pesticide suicides and 
overall suicides in Sri Lanka, Bangladesh, and 
South Korea.26,33,34,40,44,46 These case-studies indicate that for 
a ban to result in a demonstrable fall in overall suicide 
rates, a high proportion of pesticide suicide deaths need 
to have been caused by the specific products, and 
pesticides should be shown to have contributed to a high 
proportion of suicides. In the three countries that showed 
reductions in overall suicides following a ban, pesticide 
poisoning accounted for more than 15% of all suicides 
before the ban. Pesticide bans in other countries have 
either not targeted the pesticides that account for most 
deaths (eg, paraquat in Taiwan),35 or have occurred in 
contexts where pesticides account for only a small 
proportion of total suicide deaths, making it difficult to 
detect changes in incidence. Additionally, only a complete 
ban of paraquat in South Korea in 2012 seemed to 
decrease paraquat-related mortality; other regulatory 
actions in this country in 1999 and 2005 had no effect on 
the incidence.34
Although little information is available about the 
precise nature of the regulations, bans appear to be more 
effective than sales restrictions, such as regulations 
restricting sales to individuals with a legitimate 
occupational need to use pesticides. Sales restrictions in 
three countries of five studied (Denmark, India, and 
the USA)30,36–39 were associated with decreases in pesticide 
suicides, but their effects on overall suicide rates were 
uncertain. There is some evidence from Japan that 
regulations requiring the dilution of paraquat resulted in 
falls in pesticide suicide,21,32 but there was no clear 
evidence for an effect on overall suicide rates.
Clearer reporting of the precise nature of the regulation 
and contextual factors surrounding their introduction is 
required. The effectiveness of any ban or restriction will 
not only be affected by the nature of the intervention, but 
will also be influenced by the effectiveness of 
enforcement, trade across borders, and residual stocks of 
the product.
We found several other relevant papers that were 
outside the inclusion criteria for this review but are 
informative. A ban on the import, distribution and use 
of aluminium phosphide in Iran in 2007 had no effect 
on deaths recorded in two hospitals in Tehran during 
2008–1049 and 2005–10.62 The authors speculated that an 
effect was absent because aluminum phosphide could 
still be bought easily on the black market. In two 
countries — Western Samoa and Suriname—the effects 
of reductions in imports of paraquat as a result of 
economic problems within the countries have been 
assessed.52,53 Although these were not bans, their 
effect—ie, the reduced availability of a highly toxic 
pesticide, was similar to that occurring following a ban. 
The effect was most striking in Samoa where, in 
1980–82, paraquat accounted for 72% of suicides; 
decreases in imports were followed by a 65% fall in 
paraquat suicides (1983–85 vs 1980–82) and a 45% 
reduction in total suicides in the same period. In 
Suriname, paraquat imports fell by 23% from 1985 to 
1986; this fall was accompanied by a three-fold reduction 
in admissions for paraquat poisoning (from 211 per 
million to 68 per million population) in the hospital 
serving most of the population.53 In a non-randomised 
controlled experiment in India,54 pesticide use was 
discontinued in four villages and replaced by organic 
alternatives. Suicides fell from 14 (during 1998–2002) 
before the intervention to three in the following years 
(2003–06); by contrast, in four control villages, suicides 
fell from 15 to eight. 92% of the suicide deaths in this 
study (intervention and control areas combined) 
resulted from ingestion of pesticides.
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Ours is the first systematic review of the effect of 
regulatory activity on pesticide-specific suicide and overall 
suicide mortality. We identified studies assessing the 
effect of pesticide regulations in several HIC and LMIC 
and a range of regulatory approaches in different settings. 
However, there are several limitations to our assessment. 
First, with the exception of one study from a region of 
rural India,38 there was no substantial evidence from the 
two countries contributing most to the global burden of 
pesticide suicides—India and China.1,20 Second, with 
some exceptions,33,34,40,44–46 few investigators of studies 
undertook a formal time-trend analysis. Third, studies 
showing gradual reductions in pesticide suicides might 
have been confounded either by improvements over time 
in the management of pesticide poisoning28 or by 
decreases in the number of people who have easy access 
to pesticides.35 With mechanisation of farming practices, 
the actual use of pesticides might not decrease, but the 
size of the agricultural workforce decreases.63 Studies 
showing step-changes in rates while accounting for 
previous trends in incidence provide more robust 
evidence of an effect. Last, some studies investigated 
effects on overall pesticide-related poisoning deaths 
(accidental, homicide, and undetermined intent, as well 
as suicide),21,47,48 rather than suicides only; such studies 
provide a more complete assessment of the overall public 
health effect of regulatory activity, although most deaths 
in these studies were from suicide.
The appropriate date to begin assessing the effect of a 
ban is sometimes uncertain—the ban might be staggered 
over several years,40 or there might be a lag-period before 
an effect is evident while existing supplies of the banned 
product are depleted, or because of purchasing behaviour. 
For example, in South Korea, the registration of paraquat 
was cancelled in November, 2011, but its sale was not 
banned until October, 2012;34 however, a decrease in 
pesticide suicides began soon after November, 2011.33 
These early decreases might have occurred either 
because manufacturers stopped producing paraquat in 
November, 2011, or because farmers began stockpiling 
paraquat as soon as they knew it was to be withdrawn, 
thereby reducing supplies and overall availability.33 
Sensitivity analyses, such as those used in other 
studies,34,40 using different start dates for the intervention, 
is one approach to assess the robustness of findings.
Restricting access to high-lethality, commonly used 
methods for suicide leads not only to a reduction in 
method-specific suicide rates, but also to the overall 
incidence of suicide.5 Specific examples of this effect 
include the falls in the incidence of suicide in England 
and Wales following the detoxification of the domestic 
gas supply64 and in Australia after restrictions on the 
prescribing of barbiturates.65 Our review builds on this 
evidence in relation to pesticide poisoning. The other 
favoured approach for restricting access to pesticides is 
the provision of lockable storage devices or facilities to 
farmers.15 There is some evidence from a non-randomised 
controlled study in China12 that this approach might lead 
to reductions in suicide deaths, but the apparent effect 
might have resulted from baseline differences between 
the control and intervention groups. Concerns have been 
raised that lockable storage devices could lead to farmers 
storing hazardous pesticides close to their household, 
rather than in their fields, thereby increasing accessibility 
to family members and neighbours.14 Furthermore, it has 
been shown that despite good intentions and public 
education campaigns, most farmers stop locking the 
storage devices shortly after they have been installed.12,66 
A recent cluster-randomised trial showed no effect of 
providing household lockable pesticide storage on the 
incidence of pesticide self-poisonings.15 
An important concern with banning pesticides is that 
this might decrease crop yield and increase the labour 
costs involved in keeping crops free from pests. The few 
studies34,40,67 that have examined this issue in relation to 
pesticide bans in Sri Lanka and South Korea showed no 
evidence of such an effect, although small effects were 
unlikely to be detected. Bans of specific pesticides might 
lead to alternative, possibly more toxic agents replacing 
them; eg, unpublished data indicate that bans on the 
herbicide arsenite in Malaysia were followed by an rise 
in paraquat poisoning.41 However, for the most hazardous 
pesticides such as paraquat and aluminium phosphide 
(for which case fatalities are often >60%), this is not 
a concern.
In conclusion, our systematic review indicates that 
bans on the sale of highly hazardous pesticides could 
also result in falls in method-specific and overall suicide 
rates in countries where pesticide self-poisoning is a 
frequently used method of suicide and the bans target 
the products most commonly ingested. Bans in countries 
where pesticides account for a small proportion of 
suicides are likely to be equally effective, but detecting 
their effect on overall suicide rates is statistically 
challenging.60
Our findings indicate that rather than focusing on safe 
storage, as is currently the case, policy focus should shift 
towards bans on the pesticides most frequently used for 
suicide, as encouraged by the UN Food and Agriculture 
Organisation, or supporting effective implementation of 
alternatives to the use of pesticides for pest control. Bans 
should be based on local epidemiological assessments of 
pesticide usage and misuse. Initiatives such as integrated 
pest management programmes and the replacement of 
pesticides with safer, less toxic alternatives54 leading to 
reduced use of pesticides, are likely to have similar 
effects. Thousands of deaths could be prevented by a 
widespread ban of the use of highly hazardous pesticides. 
Contributors
ME and DG developed the idea for the research. All authors contributed to 
the design of the study. DK and DG did the literature searches and 
reviewed all papers. S-SC reviewed Chinese language papers. DG, ME, 
and DK wrote the first draft of the manuscript. All authors contributed to 
the final version of the manuscript. DG is the study guarantor.
Articles
www.thelancet.com/lancetgh   Vol 5   October 2017 e1036
Declaration of interests
All authors are co-authors on one or more papers included in this 
review. Between 2003 and 2011, DG was a member of the scientific 
advisory group for a Syngenta-funded study to assess the toxicity of a 
new paraquat formulation and the scientific advisory group for a 
pesticide self-storage project funded by Syngenta; chaired a data 
monitoring and ethics committee for a Syngenta-funded trial of the 
medical management of paraquat poisoning; and received travel costs to 
attend research meetings, but no other fees. DG was an expert adviser 
to WHO’s first consultation on best practices on community action for 
safer access to pesticides (Geneva, 2006). FK is a member of the UN 
expert committee on dichlorodiphenyltrichloroethane. ME received 
travel fees from Syngenta up to 2006. ME has been a member of the 
WHO/UN Food and Agriculture Organization joint meeting on 
pesticide management (as a WHO expert) since 2015.
Acknowledgments
DK is funded by the UK Economic and Social Research Council. 
We thank Mio Ozawa, Gill Gunnell, Yana Kovacheva, Eszter Szilassy, 
and Renata Titurusova for providing assistance with translation, 
Rick Langley and Corinne Schmitt for clarifying details of their research, 
and Pik Hampton for administrative support. 
References
1 Mew EPP, Konradsen F, Eddleston M, et al. The global burden of 
fatal self-poisoning with pesticides 2006-15: systematic review. 
J Affect Disord 2017; 219: 93–104.
2 Eddleston M, Phillips MR. Self poisoning with pesticides. 
BMJ 2004; 328: 42–44.
3 Gunnell D, Eddleston M. Suicide by intentional ingestion of 
pesticides: a continuing tragedy in developing countries. 
Int J Epidemiol 2003; 32: 902–09.
4 Eddleston M, Karunaratne A, Weerakoon M, et al. Choice of poison 
for intentional self-poisoning in rural Sri Lanka. Clin Toxicol 2006; 
44: 283–86.
5 Yip PS, Caine E, Yousuf S, Chang SS, Wu KC, Chen YY. 
Means restriction for suicide prevention. Lancet 2012; 379: 2393–99.
6 Mann JJ, Apter A, Bertolote J, et al. Suicide prevention strategies: 
a systematic review. JAMA 2005; 294: 2064–74.
7 Carroll R, Metcalfe C, Gunnell D. Hospital presenting self-harm 
and risk of fatal and non-fatal repetition: systematic review and 
meta-analysis. PloS One 2014; 9: e89944.
8 Florentine JB, Crane C. Suicide prevention by limiting access to 
methods: a review of theory and practice. Soc Sci Med 2010; 
70: 1626–32.
9 Dawson AH, Eddleston M, Senarathna L, et al. Acute human lethal 
toxicity of agricultural pesticides: a prospective cohort study. 
PLoS Med 2010; 7: e1000357.
10 Chugh SN, Dushyant, Ram S, Arora B, Malhotra KC. Incidence and 
outcome of aluminium phosphide poisoning in a hospital study. 
Indian J Med Res 1991; 94: 232–35.
11 Miller M, Azrael D, Hemenway D. The epidemiology of case fatality 
rates for suicide in the northeast. Ann Emerg Med 2004; 43: 723–30.
12 WHO. Safer access to pesticides for suicide prevention. Experiences 
from community interventions. World Health Organization: 
Geneva, 2016.
13 International Association for Suicide Prevention. News Bulletin. 
April, 2006. https://www.iasp.info/pdf/newsletters/2006_april.pdf 
(accessed July 26, 2017).
14 Konradsen F, Dawson AH, Eddleston M, Gunnell D. Pesticide 
self-poisoning: thinking outside the box. Lancet 2007; 369: 169–70.
15 Pearson M, Metcalfe C, Jayamanne S, et al. Effectiveness of 
household lockable pesticide storage to reduce pesticide 
self-poisoning in rural Asia: a community-based, 
cluster-randomised controlled trial. Lancet 2017; published online 
Aug 11. http://dx.doi.org/10.1016/S0140-6736(17)31961-X. 
16 Hawton K, Bergen H, Simkin S, et al. Long term effect of reduced 
pack sizes of paracetamol on poisoning deaths and liver transplant 
activity in England and Wales: interrupted time series analyses. 
BMJ 2013; 346: f403.
17 Hawton K, Bergen H, Simkin S, Wells C, Kapur N, Gunnell D. 
Six-year follow-up of impact of co-proxamol withdrawal in England 
and Wales on prescribing and deaths: time-series study. PLoS Med 
2012; 9: e1001213.
18 Eddleston M, Karalliedde L, Buckley N, et al. Pesticide poisoning in 
the developing world—a minimum pesticides list. Lancet 2002; 
360: 1163–67.
19 Kervegant M, Merigot L, Glaizal M, Schmitt C, Tichadou L, 
de Haro L. Paraquat poisonings in France during the European ban: 
experience of the Poison Control Center in Marseille. J Med Toxicol 
2013; 9: 144–47.
20 Gunnell D, Eddleston M, Phillips MR, Konradsen F. The global 
distribution of fatal pesticide self-poisoning: systematic review. 
BMC PubHealth 2007; 7: 357.
21 Ito T, Nakamura Y. Deaths from pesticide poisoning in Japan, 
1968–2005: data from vital statistics. J Rural Med 2008; 3: 5–9.
22 Fitzgerald GR, Barniville G, Flanagan M, Silke B, Carmody M, 
O’Dwyer WF. The changing pattern of paraquat poisoning: 
an epidemiologic study. Ir Med J 1978; 71: 103–08.
23 Cochrane Effective Practice and Organisation of Care Group 
(EPOC). Suggested risk of bias criteria for EPOC reviews 2015 
(risk of bias for interrupted time series studies). 
http://epoc.cochrane.org/resources/epoc-resources-review-authors 
(accessed July 26, 2017).
24 Kastanaki AE, Kraniotis CF, Kranioti EF, Nathena D, 
Theodorakis PN, Michalodimitrakis M. Suicide by pesticide 
poisoning: findings from the island of Crete, Greece. Crisis 2010; 
31: 328–34.
25 Ohberg A, Lonnqvist J, Sarna S, Vuori E, Penttila A. Trends and 
availability of suicide methods in Finland. Proposals for restrictive 
measures. Br J Psychiatry 1995; 166: 35–43.
26 Gunnell D, Fernando R, Hewagama M, Priyangika WD, 
Konradsen F, Eddleston M. The impact of pesticide regulations on 
suicide in Sri Lanka. Int J Epidemiol 2007; 36: 1235–42.
27 Knipe DW, Metcalfe C, Fernando R, et al. Suicide in Sri Lanka 
1975–2012: age, period and cohort analysis of police and hospital 
data. BMC Public Health 2014; 14: 839.
28 de Silva VA, Senanayake SM, Dias P, Hanwella R. From pesticides 
to medicinal drugs: time series analyses of methods of self-harm in 
Sri Lanka. Bull World Health Organ 2012; 90: 40–46.
29 Berecz R, Caceres M, Szlivka A, et al. Reduced completed suicide 
rate in Hungary from 1990 to 2001: relation to suicide methods. 
J Affect Dis 2005; 88: 235–38.
30 Frost J, Poulsen E. Poisoning due to parathion and other 
organophosphorus insecticides in Denmark. Dan Med Bull 1964; 
11: 169–77.
31 Moebus S, Bodeker W. Mortality of intentional and unintentional 
pesticide poisonings in Germany from 1980 to 2010. 
J Public Health Policy 2015; 36: 170–80.
32 Nagami H, Maejima F, Nishigaki Y, Natsukawa S. Trends in 
paraquat poisoning in Japan—viewed from surveys on clinical 
cases. J Rural Med 2013; 8: 228–32.
33 Myung W, Lee GH, Won HH, et al. Paraquat prohibition and 
change in the suicide rate and methods in South Korea. 
PloS One 2015; 10: e0128980.
34 Cha ES, Chang SS, Gunnell D, Eddleston M, Khang YH, Lee WJ. 
Impact of paraquat regulation on suicide in South Korea. 
Int J Epidemiol 2016; 45: 470–79.
35 Chang SS, Lu TH, Eddleston M, et al. Factors associated with the 
decline in suicide by pesticide poisoning in Taiwan: a time trend 
analysis, 1987-2010. Clin Toxicol 2012; 50: 471–80.
36 Langley R, Sumner D. Pesticide mortality in the United States 
1979-1998. Vet Hum Toxicol 2002; 44: 101–05.
37 Sudakin DL, Power LE. Organophosphate exposures in 
the United States: a longitudinal analysis of incidents reported to 
poison centers. J Toxicol Environ Health A 2007; 70: 141–47.
38 Nandi DN, Mukherjee SP, Banerjee G, Boral GC, Chowdhury A, 
Bose J. Is suicide preventable by restricting the availability of lethal 
agents? A rural survey of West Bengal. Indian J Psychiatry 1979; 
21: 251–55.
39 Copeland AR. Organophosphate related fatalities—a violitional 
biohazard? Forensic Sci Int 1988; 39: 155–62.
40 Knipe DW, Chang SS, Dawson A, et al. Suicide prevention through 
means restriction: impact of the 2008-2011 pesticide restrictions on 
suicide in Sri Lanka. PloS One 2017; 12: 12.
41 Onyon LJ, Volans GN. The epidemiology and prevention of 
paraquat poisoning. Hum Toxicol 1987; 6: 19–29.
Articles
e1037 www.thelancet.com/lancetgh   Vol 5   October 2017
42 Lin JJ, Lu TH. Trends in solids/liquids poisoning suicide rates in 
Taiwan: a test of the substitution hypothesis. BMC Pub Health 2011; 
11: 712.
43 Berecz R, Szlivka A, Degrell I. [Characteristic features of completed 
suicides in Hungary between 1994–2001]. 
A befejezett ongyilkossagok jellemzoi Magyarorszagon 2003; 
18: 399–407.
44 Chowdhury FR, Dewan G, Verma WR, et al. Bans of WHO class I 
pesticides in Bangladesh—effective suicide prevention without 
effects on agricultural output. Int J Epid (in press). 
45 Chaparro-Narvaez P, Castaneda-Orjuela C. Mortality due to 
pesticide poisoning in Colombia, 1998-2011. Biomedica 2015; 
35: 90–102.
46 Knipe DW, Gunnell D, Eddleston M. Preventing deaths from 
pesticide self-poisoning-learning from Sri Lanka’s success. 
Lancet Glob Health 2017; 5: e651–52.
47 Casey P, Vale JA. Deaths from pesticide poisoning in England and 
Wales: 1945-1989. Hum Exp Toxicol 1994; 13: 95–101.
48 Abu al-Ragheb SY, Salhab AS. Pesticide mortality. A Jordanian 
experience. Am J Forensic Med Pathol 1989; 10: 221–25.
49 Soltaninejad K, Nelson LS, Bahreini SA, Shadnia S. Fatal aluminum 
phosphide poisoning in Tehran-Iran from 2007 to 2010. 
Indian J Med Sci 2012; 66: 66–70.
50 Eddleston M, Adhikari S, Egodage S, et al. Effects of a provincial 
ban of two toxic organophosphorus insecticides on pesticide 
poisoning hospital admissions. Clinical Toxicol 2012; 50: 202–09.
51 Piola JC, Prada DB, Evangelista M, Cagna B. Intoxicaciones con 
Evolucion Letal (IEL) Atendidas en Rosario entre 1990 y 1999. 
Revista Medica de Rosario 2001; 67: 19–24.
52 Bowles JR. Suicide in Western Samoa—an example of a suicide 
prevention program in a developing country. In: Diekstra R F Wea, 
ed. Preventive strategies on suicide. Leiden: Brill; 1995. 173–206.
53 Perriens J, Van der Stuyft P, Chee H, Benimadho S. 
The epidemiology of paraquat intoxications in Surinam. 
Trop Geograph Med 1989; 41: 266–69.
54 Vijayakumar L, Babu RS. Does ‘no pesticide’ reduce suicides? 
Int J Soc Psychiatr 2009; 55: 401–06.
55 Daradkeh TK. Suicide in Jordan 1980–1985. Acta Psychiatr Scand 
1989; 79: 241–44.
56 Davila CA, Pardo AM. [Suicide mortality in Colombia and Mexico: 
Trends and impact between 2000 and 2013]. Biomedica 2016; 
36: 415–22.
57 Cendales R, Vanegas C, Fierro M, Cordoba R, Olarte A. 
[Suicide trends in Colombia, 1985-2002]. Pan American J Pub Health 
2007; 22: 231–38.
58 Thomas K, Gunnell D. Suicide in England and Wales 1861–2007: 
a time-trends analysis. Int J Epidemiol 2010; 39: 1464–75. 
59 Cleary A, Brannick T. Suicide and changing values and beliefs in 
Ireland. Crisis 2007; 28: 82–88.
60 Yamamura T, Kinoshita H, Nishiguchi M, Hishida S. A perspective 
in epidemiology of suicide in Japan. Vojnosanitetski Pregled 2006; 
63: 575–83.
61 Phillips JA. A changing epidemiology of suicide? The influence of 
birth cohorts on suicide rates in the United States. Social Sci Med 
2014; 114: 151–60.
62 Etemadi-Aleagha A, Akhgari M, Iravani FS. Aluminum phosphide 
poisoning-related deaths in Tehran, Iran, 2006 to 2013. Medicine 
2015; 94: e1637.
63 Lin JJ, Lu TH. Association between the accessibility to lethal 
methods and method-specific suicide rates: an ecological study in 
Taiwan. J Clin Psychiat 2006; 67: 1074–79.
64 Kreitman N. The coal gas story. United Kingdom suicide rates, 
1960-71. Br J Prev Social Med 1976; 30: 86–93.
65 Oliver RG, Hetzel BS. Rise and fall of suicide rates in Australia: 
relation to sedative availability. Med J Aust 1972; 2: 919–23.
66 Weerasinghe M, Pieris R, Eddleston M, Hoek Wvd, Dawson A, 
Konradsen F. Safe storage of pesticides in Sri Lanka—identifying 
important design features influencing community acceptance and 
use of safe storage devices. BMC Pub Health 2008; 8: 276.
67 Manuweera G, Eddleston M, Egodage S, Buckley NA. Do targeted 
bans of insecticides to prevent deaths from self-poisoning result in 
reduced agricultural output? Environ Health Persp 2008; 116: 492–95.
